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論文内容の要旨 
 
Chapter I. Introduction 
Four genetic lineages (JPN1 to JPN4) of panarctic Daphnia pulex, a common zooplankton 
species, have invaded Japan from North America. All these lineages were obligate parthenogenetic 
and thought to have started the invasions as single genotypes but at different times: JPN1 and JPN2 
at several hundred to thousand years ago, while JPN3 and JPN4 at more recent time points. Among 
these, several genotypes (clones) were found within JPN1 and JPN2 lineages, indicating that JPN1 
and JPN2 have genetically evolved without genetic recombination after the invasion. In addition, 
these two lineages distributed wider ranges in the Japan archipelago, suggesting that they have 
adapted to the new environments in Japan. In this thesis, therefore, I performed experiments to 
clarify if these D. pulex lineages have phenotypically evolved for adaptation in the new habitats by 
examining differences in digestive, morphological and life history traits and competitive abilities 
within and among these lineages. Based on these results, I also examined what are the selective 
factors that generated their evolution in Japan and what are the ecological and evolutionary 
mechanisms that allow their invasion and range expansion of distribution in Japan.   
Chapter II. Variations and covariations of phenotypic traits 
To examine the phenotypic variations among genotypes of D. pulex JPN1, I measured 
heritability and variations of 17 phenotypic traits, including life history, morphology and digestive 
traits, and examine if degree of these variations are related with the genetic distance among these 
genotype. I found that most of the traits measured varied significantly among the genotypes and 
heritable. Among the traits, the heritability was highest in the morphological traits, followed by the 
digestive and life history traits. In addition, 93% of the variations in these traits was explained by the 
first three components in the principal component analysis, implying that variation of these heritable 
traits is not random but rather converged into a few directions. The relationships among traits 
revealed the potential importance of predation pressures and food conditions as factors for diverging 
and selecting different genotypes. However, the magnitude of the difference in any single trait group 
did not correlate with the genetic distance. My findings showed that the divergent traits evolved 
within D. pulex JPN1 lineage without genetic recombination, since their ancestral clone invaded 
Japan. Large variations and covariations of the phenotypic traits, irrespective of the genetic distance 
among the genotypes, support the view that the invasive success of D. pulex JPN1 was promoted by 
a genetic architecture that allowed for large phenotypic variations with a limited number of 
functionally important mutations without recombination. 
Chapter III. Competition for limited resource 
Since they are obligate parthenogenetic, any populations of genotypes in D. pulex JPN are 
biologically isolated. Thus, a selection may have favored such genotypes that reduce intra-specific 
competition. Alternatively, if phenotypic variations of the traits are ecologically trivial, they are 
equal to each other in intra-specific competition. To examine whether or not genotypes of JPN1 
lineages had evolved sufficiently to avoid intra-specific competition, I experimentally investigated 
life table and competitive abilities of several JPN1 genotypes (A1, A3, A5 and B). The life table 
experiment showed that although the intrinsic rate of population increase was similar among the 
genotypes examined, genotype A1 showed higher reproduction rate at young ages in expense of 
lower survivorship in adults compared with other genotypes especially in a low food condition. The 
results suggest that genotype A1 may be advantageous in nature when survivorship of adult 
individuals was low due to, for example, predation by fish. The competition experiment showed that 
the genotypes were not necessarily equal to each other in the intra-specific competition. For example, 
in the competition experiments, genotype A3 somewhat decreased abundance of genotype A5 and 
outcompeted genotype A1, while genotype B could coexist equally with genotype A3 and genotype 
A5. No relationship was found between the strength of intra-specific competition and genetic 
distance across all pairs of the genotypes. Instead, I found that in pair of genotypes showing strong 
intra-specific competition, the population structure differed between these two competing genotypes.  
For example, in genotype A1 young and small individuals was more abundant when compete with 
other genotypes, in accord with the result of life table experiment. Since, in intra-specific 
competition of Daphnia species, young individuals are inferior to adult individuals. Therefore, 
genotype A1 was inferior to other genotypes in the intra-specific competition.  The results suggest 
that difference in the intra-specific competitive ability among genotypes of D. pulex JPN1 lineages 
reflect difference in selective factors that they have been faced in nature. 
Chapter IV. Adaptation to new environments  
To examine evolutionary mechanisms that allow for these asexual animals to rapidly adapt 
newly invaded habitats, I examined variations of digestive, life history and morphological traits 
among different lineages and different genotypes within lineages. Since trait plasticity is especially 
important for asexual organisms to adapt new habitats, I also compared magnitude and direction of 
multivariate plasticity among and within lineages. I found large variations in some of the phenotypic 
traits such as alkaline phosphatase and maturation size within lineages, indicating that these were 
rapidly evolved traits. In addition, I found variations of phenotypic plasticity among and within 
lineages. However, magnitude of variations and plasticity in the phenotypic plasticity was not related 
with genetic distance among genotypes within lineages. Instead, these were different between JPN1 
and JPN2 lineages. JPN1 have larger plasticity in multivariate traits while JPN2 had larger variation 
in phenotypic traits related with resource uses. The results suggest that although they are the same 
species, evolutional mechanisms that make it possible to colonize successfully in Japan differed 
between the lineages. 
Chapter V. Conclusion 
My findings showed that D. pulex evolved divergent traits without genetic recombination for 
several hundred to thousand years since their ancestral clone originally invaded Japan. Although I 
did not directly examine selection factors, variation and covariation of the traits and life table and 
intra-specific competition experiments suggested that predation and food resource have been crucial 
factors for selecting and diverging genotypes within linages. Moreover, I found that evolutional 
mechanisms that make D. pulex to colonize successfully in Japan differed among the different 
lineages. JPN1 had larger plasticity in multivariate traits while JPN2 had larger variation in 
phenotypic traits related with resource uses. These results support a view that a genetic architecture 
producing various phenotypes by a limited number of mutations, which was established before 
invading Japan, have allowed for panarctic asexual D. pulex to adapt rapidly to a variety of novel 
lakes and ponds and to expand their distribution ranges in Japan.  
論文審査結果の要旨 
 
日本の平地湖沼には、北米からの侵入種である４系統の Daphnia pulex(和名ミジンコ)が生
息している。いずれの系統も絶対単為生殖型で、うち２系統(JPN1、JPN2)は数百〜数千年
前に日本に侵入・定着した。これら２系統(JPN1、JPN2)には複数の遺伝子型が見つかって
おり、日本侵入後に交雑することなく遺伝進化が生じたことが示されている。本研究は、
これら遺伝進化が形質の変異、すなわち表現型の進化を伴っているのか、またどのような
生態的要因が選択圧として関与してきたかを解明した。まず、日本のなかでもっとも分布
域が広い JPN1 系統を対象に、生活史形質、形態形質及び生理形質としての消化酵素活性
など計 17 形質について広義の遺伝率や遺伝子型間の分散、形質間の共分散等を調べ、遺伝
子型間での形質の違いと遺伝的距離との関係を解析した。その結果、いずれの形質も遺伝
率は高く、遺伝子型間で有意に異なること、多くの形質間で共分散がみられ全形質分散の
93%は 3 主成分に要約できることがわかった。また、各主成分の形質機能から、形質の変
異の多くは捕食圧や餌条件を選択圧とすることで説明できることがわかった。ただし、遺
伝子型間での表現型の違いの大きさと遺伝距離には明瞭な関係がないことから、これら変
異は個々の変異の蓄積ではなく、少数の突然変異による多面発現などにより生じてきたこ
とが示唆された。次いで、JPN１系統遺伝子型間での種競争能力について実験的な評価を
行った。その結果、種内競争能力は遺伝子型間で異なり、若齢個体の生残率と産卵投資量
がその能力を大きく左右していることがわかった。しかし、遺伝子型間での競争能力の違
いと遺伝的距離には明瞭な関係がないことから、種内競争は JPN1 系統の表現型進化に対
する主要因ではないと考えられた。最後に JPN2 系統についても調べ、その表現型の変異
を JPN1 系統と比較した。その結果、JPN2 系統のほうが JPN1 系統に比べ遺伝子型での
形質の変位量が多いことが判明した。一方、JPN１系統の遺伝子型では表現型の可塑性が
JPN2 型に比べて大きかった。この結果から、JPN２系統は JPN１系統よりも遅く日本に
侵入したものの変異の大きい表現型を生じて来たことで分布を広げてきたことが示唆され
た。 
以上のように、本研究は日本に侵入した D. pulex の表現型の進化が捕食圧や餌条などを選
択圧として生じて来たこと、また系統により表現型の進化パターンが異なることを示した。
これら成果は、自立して研究活動を行うに必要な高度の研究能力と学識を有することを示
している。したがって，Tian Xiaofei 提出の論文は，博士（生命科学）の博士論文として合
格と認める。 
 
 
 
 
 
 
 
 
